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REMARKS/ARGUMENTS 

Claims 1-8 and 10-33 are pending in the application. 

Claims 2, 5-8, 9, 10-17 have been canceled without prejudice or waiver . 

Claims 1 , 3, 4, 18, 19 and 21-33 stand rejected. 

THE REJECTION UNDER 35 U.S.C, S 112 FIRST PARAGRAPHS 

The rejection of claims 1, and 3-4 under 35 § USC 112 first paragraph is 
respectfully traversed. The Examiner asserts that the specification is only enabling for 
dihydrofolate reductase as the reporter molecule and the use of leucine zipper molecules 
as panel of molecules in the method of identifying an interacting set of molecules. 

The Examiner asserts that ^the specification does not enable any person skilled in 
the art to which it pertains, or with which it is mostly connected, to make and use the 
invention commensurate in scope with this claims". This assertion is respectfully 
traversed. In view that this application now claims CIP status from US serial No. 
09/017,412 now US Patent No. 6,270,964 (see below), it is respectfully submitted that 
there is sufficient guidance in the earlier application as to the selection of a reporter 
molecule as well as sufficient Examples of the types of reporters that are desirable. 
Furthermore, the patent statute is also clear regarding enablement. As long as there is 
sufficient guidance from the specification, there is really no requirement for an example, 
however Applicant has provided Examples to illustrate the invention. 

Applicant also has shown in its prior US patent No. 6,270,964; how to select, 
enable and design a reporter molecule and what are the requirements for successfully 
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performing a PCA using the multitude of reporters which have been exemplified. For the 
Examiners' benefit those design requirements are outlined below (See from col. 3 , line 
58 to col. 4, line 42: 

"One particular strategy for designing a protein complementation assay (PCA) is 
based on using the following characteristics: 1) A protein or enzyme that is relatively small 
and monomeric, 2) for which there is a large literature of structural and functional 
information, 3) for which simple assays exist for the reconstitution of the protein or activity 
of the enzyme, both in vivo and in vitro, and 4) for which overexpression in eukaryotic and 
prokaryotic cells has been demonstrated. If these criteria are met, the structure of the 
enzyme is used to decide the best position in the polypeptide chain to split the gene in 
two, based on the following criteria: 1) The fragments should result in subdomains of 
continuous polypeptide; that is, the resulting fragments will not disrupt the subdomain 
structure of the protein, 2) the catalytic and cofactor binding sites should all be contained 
in one fragment, and 3) resulting new N- and C-termini should be on the same face of the 
protein to avoid the need for long peptide linkers and allow for studies of orientation- 
dependence of protein binding. 

It should be understood that the above mentioned criteria do not all need to be 
satisfied for a proper working of the present invention. It is an advantage that the enzyme 
be small, preferably between 10-40 kDa. Although monomeric enzymes are preferred, 
multimeric enzymes can also be envisaged as within the scope of the present invention. 
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The dimeric protein tyrosinase can be used in the instant assay. The information on the 
structure of the enzyme provides an additional advantage in designing the PCA, but is not 
necessary. Indeed, an additional strategy, to develop PCAs is presented, based on a 
combination of exonuclease digestion-generated protein fragments followed by directed 
protein evolution in application to the enzyme aminoglycoside kinase. Although the 
overexpression in prokaryotic cells is preferred it is not a necessity. It will be understood 
to the skilled artisan that the enzyme catalytic site (of the chosen enzyme) does not 
absolutely need to be on same molecule. 

The '964 patent explains the rationale and criteria for using a particular enzyme in 
a PCA. FIG. 1 shows a general description of a PCA. The gene for a protein or enzyme is 
rationally dissected into two or more fragments. Using molecular biology techniques, the 
chosen fragments are subcloned, and to the 5' ends of each, proteins that either are 
known or thought to interact are fused. Co-transfection or transformation these DNA 
constructs into cells is then carried out. Reassembly of the probe protein or enzyme from 
its fragments is catalyzed by the binding of the test proteins to each other, and 
reconstitution is observed with some assay. It is crucial to understand that these assays 
will only work if the fused, interacting proteins catalyze the reassembly of the enzyme. 
That is, observation of reconstituted enzyme activity must be a measure of the interaction 
of the fused proteins." 
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PRIORITY 

Regarding priority. The Examiner states that Applicant has not complied with one or 
more conditions for receiving the benefit of an earlier filing date of US patent application 
for the following reasons: 

(a) the later-filed application (US )Patent application 09/603,885) is an 
application filed under 3'5 U.S.C. 111(a), this reference must also be submitted within 
the later of four months from the actual filing date of the later-filed application or sixteen 
months from the filing date of the prior-filed application. These time periods are not 
extendable. Except as provided in paragraph (a) (3) of this section, the failure to timely 
submit the reference required by 35 U.S.C. 120 and paragraph (a)(2)(i) of this section is 
considered a waiver of any benefit under 35 U.S.C. 120, 121, Or 365 (c) to such prior- 
filed application. 

(b) Claims 1,3-4, 18-19, 21-33 recite a method for identifying an interacting sect 
of molecules a) by generating first protein fragments and second protein fragments; 
coupling said protein fragments to a first panel of molecules; coupling the second 
protein fragments to a second panel of molecules; and mixing the products and 
identifying the panel members whose interaction resulted in the activity', which were not 
disclosed in the parent applications, 09/017,412. Applicants refer to US Patent 
6,270,964 (US Patent application 09/017,412), Example 7, column 34, lines 12 and 
further as support for the instant application. However, the section in example 7 refers 
to a scheme for selection of efficiently heterodimerzing leucine zippers, does not 
support instantly claimed method for identifying an interacting set of molecules. In a 
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continuation-in-part application, only claims directed solely subject matter adequately 
disclosed under 35 USC 112, first paragraph in the parent application is entitled to the 
benefit of the filing date of the parent application. Thus, the instant claims 1 , 3-4 18-33 
which recites features not disclosed in the parent applications are entitled only to the 
filing date of the continuation-in-part application. See MPEP 201 .22. 

Regarding (a) the Examiners attention is called to 37 CFR 1.55 (a)(1)(i) where it is 
stated that the time period for claiming priority does not apply in an application filed under 
35 U.S.C. 1 1 1 (a) if the application is an application filed before November 29, 2000. The 
present application was filed June 26, 2000. For the Examiners benefit, Applicant is 
providing a copy of the relevant pages from 37 CFR 1 .55 and 37 CFR 1 .78 (Attachment 
A). 

Regarding (b), it is respectfully submitted that there is enough disclosure in the 
earlier parent case (09/017,412) to support in vivo screening. If the Examiner believes 
that there is not sufficient disclosure then the rejection under 35 USC 103(a) as being 
unpatentable over Pelletier et al. (Protein Engineering 1997, 1.0 Supplement, 89.) does 
not stand. In any event Applicants* foreign priority document, a copy (Attachment B) of 
which is enclosed preceeds the Protein Engineering publication and accordingly is not a 
reference. The foreign priority document is of record in the parent case. 
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THE REJECTION UNDER 35 U.S.C. S 102(b) AND 103(a) 

Claims 1, 3-4, 18-19 and 21-33 stand anticipated under 35 USC 102(b) and 
rejected under 35 U.S.C. § 103(a) as being as being unpatentable over Pelletier et al 
(Protein Engineering, 1997, 10 (suppi), 89. The Pelletier et al. article describes testing for 
single protein-protein interactions to detemnine if the dual fused protein-DHFR fragment 
approach would work to reconstitute DHFR and DHFR activity. It does not provide details 
to enable panel-panel or library-library simultaneous screening. Neither is the suggestion 
that a library could be screened the same as, nor anticipatory of, large scale panel-panel 
or library-library screening. Further, given the state of the art at the time, there were no 
known in vivo panel-panel or library-library screening techniques in the public domain. 
Hence this article could not be anticipatory of the Applicant's present invention. 
Additionally, this article from an end of the year supplement to volume 10 clearly is not 
more than a year prior to the effective '964 file date and therefore can not be used 
against any application parented by '964. The Applicant is entitled to the January 31, 
1 997 foreign priority date since the priority document specifically discloses the arguments 
set forth by the Examiner. Hence, for the reasons discussed above, the cited article can 
not be used to reject claims 1 , 3, 4 and 21-33 which are directed to panel-panel screening 
techniques. 

THE REJECTION UNDER 35 U.S.C. S 102(e) 

The rejection of claims 1, 3-4, 18-19 and 21-33 is now moot since Applicants' 
claim C-l-P status from the application which matured into the *964 patent. In any event 
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there is also common ownership and accordingly the *964 publication can not be used 
against applicants. 

DOUBLE PATENTING 

The Examiner further expresses concerns over possible double patenting issues 
arising from the '964 claims. The claims of the *964 patent are directed to methods for 
detecting protein-protein interactions. Hence the claims of the present application will not 
have any double patenting problems given that they are methods to identify sets of 
molecules capable of such interactions and include steps for that identification of such 
sets of molecules in a single panel-panel screening. 

Regarding the draftsman requirement for corrections, Applicant will submit formal 
drawings after allowable subject matter is indicated. 

Also regarding a new oath or declaration, Applicant will submit a new oath after 
allowable subject matter is indicated. In any event due to the fact that some of the 
inventors live overseas, representative is in the process of preparing the new declarations 
and submitting it to the inventors. 

In view of the above amendments and remarks, it is respectfully submitted that the 
claims are now in condition for allowance. Reconsideration and withdrawal of the 
rejections and objections are requested. The Examiner is invited to contact the 
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undersigned at 703-418-2777 if he feels that further discussion may facilitate the 
resolution of any outstanding issues. An early indication of a Notice of Allowance is 



Date: Novennber 24, 2003 

2001 Jefferson Davis Highway-Suite 301 

Arlington, VA 22202 

(703)418-2777 

Oddy 004i 



earnestly solicited. 



Respectfully submitted, 




Isaac Ahgres 
Reg. No. 29,765 
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filing fee, file a cover sheet (§ L51(c)(l)), and pay the 
surcharge required by § 1.16(1) to avoid abandonment. 

(2) If a provisional application which has 
been accorded a filing date pursuant to paragraph 
(c) of this section does not include the cover 
sheet required by § 1.51(c)(1) or the basic filing fee 
(§ 1.1 6(k:)), and applicant has not provided a corre- 
spondence address (§ 1.33(a)), applicant has two 
months from the filing date of the application 
within which to pay the basic filing fee, file a cover 
sheet (§ 1.51(c)(1)), and pay the surcharge required 
by § 1.16(1) to avoid abandonment. 

(3) If applicant does not pay the basic filing 
fee during the pendency of the application, the Office 
may dispose of the application. 

(h) Subsequent treatment of application - Non- 
provisional (including continued prosecution) appli- 
cation. An application for a patent filed under 
paragraphs (b) or (d) of this section will not be placed 
on the files for examination until all its required parts, 
complying with the rules relating thereto, are 
received, except that certain minor informalities may 
be waived subject to subsequent correction whenever 
required. 

(i) Subsequent treatment of application - Provi- 
sional application. A provisional application for a 
patent filed under paragraph (c) of this section will 
not be placed on the files for examination and will 
become abandoned no later than twelve months after 
its filing date pursuant to 35 U.S.C. 1 1 1(b)(1). 

(j ) Filing date of international application. The 
filing date of an international application designating 
the United States of America is treated as the filing 
date in the United States of America under PCT Arti- 
cle 1 1(3), except as provided in 35 U.S.C. 102(e). 

[48 FR 2709, Jan. 20, 1983, effective Feb. 27, 1983; 
paras, (b) and (d), 49 FR 554, Jan. 4, 1984, effective Apr. 1, 
1984; para, (c), 50 FR 31826, Aug. 6, 1985, effective Oct. 
5, 1985; paras, (c) and (d), 53 FR 47808, Nov. 28, 1988, 
effective Jan. 1, 1989; paras, (b) and (c), 54 FR 47518, 
Nov. 15, 1989, effective Jan. 16, 1990; paras. (a)-{e) 
revised, 60 FR 20195, Apr. 25, 1995, effective June 8, 
1995; revised, 62 FR 53131, Oct. 10, 1997, effective Dec. 
1, 1997; para, (d) revised, 63 FR 5734, Feb. 4, 1998, effec- 
tive Feb. 4, 1998 (adopted as final, 63 FR 36184, Jul. 2, 
1998); paras, (c)(3), (c)(4) and (d) revised, 65 FR 14865, 
Mar. 20, 2000, effective May 29, 2000 (paras, (c)(4) and (d) 
adopted as final, 65 FR 50092, Aug. 16, 2000); para, (c)(3) 
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revised, 65 FR 50092, Aug. 16, 2000, effective Aug. 16, 
2000; paras, (c)(1), (c)(2), (d)(4), (e)(2), (f), and (g) revised 
and para. (d)(10) added, 65 FR 54604, Sept. 8, 2000, effec- 
tive Nov. 7, 2000; para, (c)(4) revised, 65 FR 78958, Dec. 
18, 2000; para, (d)(9) revised, 68 FR 14332, Mar. 25, 2003, 
effective May 1, 2003; paras, (d)(1), (d)(3) and (e)(1) 
revised, 68 FR 32376, May 30, 2003, effective July 14, 
2003] 

§ 1.54 Parts of application to be filed together; 
filing receipt. 

(a) It is desirable that all parts of the complete 
application be deposited in the Office together; other- 
wise, a letter must accompany each part, accurately 
and clearly connecting it with the other parts of the 
application. See § 1.53(f) and (g) with regard to com- 
pletion of an application. 

(b) Applicant will be informed of the applica- 
tion number and filing date by a filing receipt, unless 
the application is an application filed under § 1, 53(d). 

[48 FR 2710, Jan, 20, 1983, effective Feb. 27, 1983; 
para, (b) amended, 61 FR 42790, Aug. 19, 1996, effective 
Sept. 23, 1996; revised, 62 FR 53131, Oct, 10, 1997, effec- 
tive Dec. 1, 1997] 

§ 1.55 Claim for foreign priority. 

(a) An applicant in a nonprovisional application 
may claim the benefit of the filing date of one or more 
prior foreign applications under the conditions speci- 
fied in 35 U.S.C. 119(a) through (d) and (f), 172, and 
365(a) and (b). 

(l)(i) In an original application filed under 
35 U.S.C. 111(a), the claim for priority must be pre- 
sented during the pendency of the application, and 
within the later of four months from the actual filing 
date of the application or sixteen months from the fil- 
ing date of the prior foreign application. This time 
period is not extendable. The claim must identify the 
foreign application for which priority is claimed, as 
well as any foreign application for the same subject 
matter and having a filing date before that of the 
application for which priority is claimed, by specify- 
ing the application number, country (or intellectual 
property authority), day, month, and year of its filing. 
The time periods in this paragraph do not apply in an 
application under 35 U.S.C. 111(a) if the application 
is: 
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(A) A design application; or 

(B) An application filed before Novem- 
ber 29, 2000, 

(ii) In an application that entered the 
national stage fi-om an international application after 
compliance with 35 U.S.C. 371, the claim for priority 
must be made during the pendency of the application 
and within the time limit set forth in the PCT and the 
Regulations under the PCT. 

(2) The claim for priority and the certified 
copy of the foreign application specified in 35 U.S.C. 
119(b) or PCT Rule 17 must, in any event, be filed 
before the patent is granted. If the claim for priority or 
the certified copy of the foreign application is filed 
after the date the issue fee is paid, it must be accompa- 
nied by the processing fee set forth in § I.17(i), but 
the patent will not include the priority claim unless 
corrected by a certificate of correction under 
35 U.S.C. 255 and§ 1,323 

(3) When the application becomes involved 
in an interference (§ 1.630), when necessary to over- 
come the date of a reference relied upon by the exam- 
iner, or when deemed necessary by the examiner, the 
Office may require that the claim for priority and the 
certified copy of the foreign application be filed ear- 
lier than provided in paragraphs (a)(1) or (a)(2) of this 
section, 

(4) An English language translation of a non- 
English language foreign application is not required 
except when the application is involved in an interfer- 
ence (§ 1 .630), when necessary to overcome the date 
of a reference relied upon by the examiner, or when 
specifically required by the examiner. If an English 
language translation is required, it must be filed 
together with a statement that the translation of the 
certified copy is accurate. 

(b) An applicant in a nonprovisional application 
may under certain circumstances claim priority on the 
basis of one or more applications for an inventor's 
certificate in a country granting both inventor's certif- 
icates and patents. To claim the right of priority on the 
basis of an application for an inventor's certificate in 
such a country under 35 U.S.C. 119(d), the applicant 
when submitting a claim for such right as specified in 
paragraph (a) of this section, shall include an affidavit 
or declaration. The affidavit or declaration must 
include a specific statement that, upon an investiga- 
tion, he or she is satisfied that to the best of his or her 



knowledge, the applicant, when filing the application 
for the inventor's certificate, had the option to file an 
application for either a patent or an inventor's certifi- 
cate as to the subject matter of the identified claim or 
claims forming the basis for the claim of priority. 

(c) Unless such claim is accepted in accordance 
with the provisions of this paragraph, any claim for 
priority under 35 U.S.C. 119(a)-(d) or 365(a) not pre- 
sented within the time period provided by paragraph 
(a) of this section is considered to have been waived. 
If a claim for priority under 35 U.S.C. 119(a)-(d) or 
365(a) is presented after the time period provided by 
paragraph (a) of this section, the claim may be 
accepted if the claim identifying the prior foreign 
application by specifying its application number, 
country (or intellectual property authority), and the 
day, month, and year of its filing was unintentionally 
delayed. A petition to accept a delayed claim for pri- 
ority under 35 U.S.C. 119(a)-(d) or 365(a) must be 
accompanied by: 

(1) The claim under 35 U.S.C. 119(a)-(d) or 
365(a) and this section to the prior foreign applica- 
tion, unless previously submitted; 

(2) The surcharge set forth in § 1 . 1 7(t); and 

(3) A statement that the entire delay between 
the date the claim was due under paragraph (a)(1) of 
this section and the date the claim was filed was unin- 
tentional. The Director may require additional infor- 
mation where there is a question whether the delay 
was unintentional. 

[para, (b), 48 FR 41275, Sept. 17, 1982, effective Oct. 
1 1982; 48 FR 2710, Jan. 20, 1983, effective Feb. 27, 1983; 
para, (b), 49 FR 554, Jan. 4, 1984, effective Apr. 1, 1984; 
para, (a), 49 FR 48416, Dec. 12, 1984, effective Feb. 11, 
1985; para, (a), 54 FR 6893, Feb. 15, 1989, effective Apr. 
17, 1989; para, (a) revised, 54 FR 9432, March 7, 1989, 
effective Apr. 17, 1989; para, (a), 54 FR 47518, Nov. 15, 
1989, effective Jan. 16, 1990; para, (a) revised, 58 FR 
54504, Oct. 22, 1993, effective Jan. 3, 1994; revised, 60 FR 
20195, Apr.25, 1995, effective June 8, 1995; para, (a) 
revised, 62 FR 53131, Oct. 10, 1997, effective Dec, 1, 
1997; para, (a) revised, 65 FR 54604, Sept. 8, 2000, effec- 
tive Nov. 7, 2000; para, (a) revised and para, (c) added, 65 
FR 57024, Sept. 20, 2000, effective Nov. 29, 2000; paras, 
(a) and (c) corrected, 65 FR 66502, Nov, 6, 2000, effective 
Nov. 29, 2000; paras.(a)(l) and (c) revised, 66 FR 67087, 
Dec. 28, 2001, effective Dec, 28, 2001; para, (c)(3) revised, 
68 FR 14332, Mar. 25, 2003, effective May 1, 2003] 



July 30, 2003 



R-52 



CONSOLIDATED PATENT RULES 



(d) Inconsistencies between application data 
sheet and oath or declaration. For inconsistencies 
between information that is supplied by both an appli- 
cation data sheet under this section and by an oath or 
declaration under §§ 1.63 and 1.67: 

(1) The latest submitted information will 
govern notwithstanding whether supplied by an appli- 
cation data sheet, or by a § 1 .63 or § 1 .67 oath or dec- 
laration, except as provided by paragraph (d)(3) of 
this section; 

(2) The information in the application data 
sheet will govern when the inconsistent information is 
supplied at the same time by a § 1 .63 or § 1 .67 oath or 
declaration, except as provided by paragraph (d)(3) of 
this section; 

(3) The oath or declaration under § 1.63 or § 
1.67 governs inconsistencies with the application data 
sheet in the naming of inventors (§ 1.41(a)(1)) and 
setting forth their citizenship (35 U.S.C. 115); 

(4) The Office will initially capture biblio- 
graphic information from the application data sheet 
(notwithstanding whether an oath or declaration gov- 
erns the information). Thus, the Office shall generally 
not look to an oath or declaration under § 1 .63 to see 
if the bibliographic information contained therein is 
consistent with the bibliographic information captured 
from an application data sheet (whether the oath or 
declaration is submitted prior to or subsequent to the 
application data sheet). Captured bibliographic infor- 
mation derived from an application data sheet con- 
taining errors may be recaptured by a request therefor 
and the submission of a supplemental application data 
sheet, an oath or declaration under § 1 .63 or § 1 .67, or 
a letter pursuant to § 1 .33(b). 

[Added, 65 FR 54604, Sept. 8, 2000, effective Nov. 7, 
2000; para, (b)(7) added, 65 FR 57024, Sept. 20, 2000, 
effective Nov. 29, 2000] 

§ 1.77 Arrangement of application elements. 

(a) The elements of the application, if applica- 
ble, should appear in the following order: 

(1) Utility application transmittal form. 

(2) Fee transmittal form. 

(3) Application data sheet (see § 1 .76). 

(4) Specification. 

(5) Drawings. 

(6) Executed oath or declaration. 
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(b) The specification should include the follow- 
ing sections in order; 

(1) Title of the invention, which may be 
accompanied by an introductory portion stating the 
name, citizenship, and residence of the applicant 
(unless included in the application data sheet). 

(2) Cross-reference to related applications 
(unless included in the application data sheet). 

(3) Statement regarding federally sponsored 
research or development. 

(4) Reference to a "Sequence Listing," a 
table, or a computer program listing appendix submit- 
ted on a compact disc and an incorporation-by-refer- 
ence of the material on the compact disc (see § 
1 .52(e)(5)). The total number of compact discs includ- 
ing duplicates and the files on each compact disc shall 
be specified. 

(5) Background of the invention. 

(6) Brief summary of the invention. 

(7) Brief description of the several views of 
the drawing. 

(8) Detailed description of the invention. 

(9) A claim or claims. 

(10) Abstract of the disclosure. 

(11) "Sequence Listing," if on paper (see §§ 
1.821 through 1.825). 

(c) The text of the specification sections 
defined in paragraphs (b)(1) through (b)(ll) of this 
section, if applicable, should be preceded by a section 
heading in uppercase and without underlining or bold 
type. 

[43 FR 20464, May 11, 1978; 46 FR 2612, Jan. 12, 
1981; paras, (h) and (i), 48 FR 2712, Jan, 20, 1983, effec- 
tive Feb. 27, 1983; revised, 61 FR 42790, Aug. 19, 1996, 
effective Sept. 23, 1996; revised, 65 FR 54604, Sept. 8, 
2000, effective Nov. 7, 2000] 

§ 1.78 Claiming benefit of earlier filing date and 
cross-references to other applications. 

(a)(1) A nonprovisional application or interna- 
tional application designating the United States of 
America may claim an invention disclosed in one or 
more prior-filed copending nonprovisional applica- 
tions or international applications designating the 
United States of America. In order for an application 
to claim the benefit of a prior-filed copending nonpro- 
visional application or international application desig- 
nating the United States of America, each prior-filed 



R-61 



July 30, 2003 



§1.78 



CONSOLIDATED PATENT RULES 



application must name as an inventor at least one 
inventor named in the later-filed application and dis- 
close the named inventor's invention claimed in at 
least one claim of the later-filed application in the 
manner provided by the first paragraph of 35 U.S.C. 
112. In addition, each prior-filed application must be: 

(1) An international application entitled to 
a filing date in accordance with PCT Article 1 1 and 
designating the United States of America; or 

(ii) Complete as set forth in § 1 .5 1(b); or 

(iii) Entitled to a filing date as set forth in 
§ 1.53(b) or § 1.53(d) and include the basic filing fee 
set forth in § 1.16; or 

(iv) Entitled to a filing date as set forth in 
§ 1.53(b) and have paid therein the processing and 
retention fee set forth in § 1.21(1) within the time 
period set forth in § 1.53(f). 

(2) (i) Except for a continued prosecution 
application filed under § 1.53(d), any nonprovisional 
application claiming the benefit of one or more prior- 
filed copending nonprovisional applications or inter- 
national applications designating the United States of 
America must contain or be amended to contain a ref- 
erence to each such prior-filed application, identifying 
it by application number (consisting of the series code 
and serial number) or international application num- 
ber and international filing date and indicating the 
relationship of the applications. Cross references to 
other related applications may be made when appro- 
priate (see § 1.14). 

(ii) This reference must be submitted dur- 
ing the pendency of the later-filed application. If the 
later-filed application is an application filed under 
35 U.S.C. 111(a), this reference must also be submit- 
ted within the later of four months from the actual fil- 
ing date of the later-filed application or sixteen 
months from the filing date of the prior-filed applica- 
tion. If the later-filed application is a nonprovisional 
application which entered the national stage from an 
international application after compliance with 35 
U.S.C. 371, this reference must also be submitted 
within the later of four months from the date on which 
the national stage commenced under 35 U.S.C. 371 
(b) or (f) in the later-filed international application or 
sixteen months from the filing date of the prior-filed 
application. These time periods are not extendable. 
Except as provided in paragraph (a)(3) of this section, 
the failure to timely submit the reference required by 



35 U.S.C. 120 and paragraph (a)(2)(i) of this section 
is considered a waiver of any benefit under 35 U.S.C. 
120, 121, or 365(c) to such prior-filed application. 
The time periods in this paragraph do not apply if the 
later-filed application is: 

(A) An application for a design patent; 

(B) An application filed under 35 U.S.C. 
1 1 1 (a) before November 29, 2000; or 

(C) A nonprovisional application which 
entered the national stage after compliance with 35 
U.S.C. 371 from an international application filed 
under 35 U.S.C. 363 before November 29, 2000. 

(iii) If the later-filed application is a non- 
provisional application, the reference required by this 
paragraph must be included in an application data 
sheet (§ 1 .76), or the specification must contain or be 
amended to contain such reference in the first sen- 
tence following the title. 

(iv) The request for a continued prosecu- 
tion application under § 1.53(d) is the specific refer- 
ence required by 35 U.S.C. 120 to the prior-filed 
application. The identification of an application by 
application number under this section is the identifi- 
cation of every application assigned that application 
number necessary for a specific reference required by 
35 U.S.C. 120 to every such application assigned that 
application number. 

(3) If the reference required by 35 U.S.C. 
120 and paragraph (a)(2) of this section is presented 
in a nonprovisional application after the time period 
provided by paragraph (a)(2)(ii) of this section, the 
claim under 35 U.S.C. 120, 121, or 365(c) for the ben- 
efit of a prior-filed copending nonprovisional applica- 
tion or international application designating the 
United States of America may be accepted if the refer- 
ence identifying the prior-filed application by applica- 
tion number or international application number and 
international filing date was unintentionally delayed. 
A petition to accept an unintentionally delayed claim 
under 35 U.S.C. 120, 121, or 365(c) for the benefit of 
a prior-filed application must be accompanied by: 

(i) The reference required by 35 U.S.C. 
120 and paragraph (a)(2) of this section to the prior- 
filed application, unless previously submitted; 

(ii) The surcharge set forth in § 1.1 7(t); 

and 

(iii) A statement that the entire delay 
between the date the claim was due under paragraph 
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ABSTRACT OF TOE DISCLOSURE 

VVe descffbe a strategy for designing pfoieiir^fragment 
complementation assays to detect protein-protein Interactions in vfwo. The 
destgn and implementation of this strategy is illustrated with the enzyme 
5 murine dihydrofolate reductase (DHFR). Fusion peptides consisting of N- 
and C-termmal fragments of murine DHFR fiised to GCN4 leucine zipper 
sequences were ooexpressed in EschoMila coU grown in minimal medium, 
where the endogenous DHFR activity was inhibited with trimethoprim. 
Coexpression of the complementary fusion products restored colony 

10 fbmnation. Sun/ival only occurred when t>oth DHFR fragments were present 
and contained leucine-zlpper forming sequences, demonstrating that 
reconstitution of enzyme activity requires assistance of leucine zipper 
formation. DHFR fmgrrtent^nterfaoe point mutants of increasing severity (lie 
to Val, Ala and Gly) resulted in a sequential increase in £. ooH doubling times 

15 illustrating the successful DHFR fragment reassembly rather than non- 
specific interactions between fragments. This In vh/o assay could be used 
to study equnft)rium and kinetic aspects of protein-protein interactions and for 
screening cDNA libraries for binding of a target protein with unknown 
proteins. Further, the selection and design criteria applied here to DHFR 

20 could be used to develop a strategy using any enzyme that wouM be 
appropriate for a donal sefectton or direct detection of enzyme activity. 
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ABSTRACT OF TH^ PIgffLg WRE 

We describe a strategy for designing protein-fragment 
complementation assays to detect protein-protein interactions in vh/o. The 
design and implementation of this strategy Is illustrated with the enzyme 
murine dthydrofblate reductase (DHFR). Fusion peptides consisting of N- 
and Oterminal fragments of murine DHFR fused to GCN4 leucine z^per 
sequences were ooexpressed in Escherichis coli grown In minimal medium, 
where the endogenous DHFR adMty was Inhibited with trimethoprim. 
Coexpression of the complementary fusion products restored colony 
fomnation. SuNival only occurred when both DHFR fragments were present 
and contained leucine-zipper fonming sequences, demonstrating that 
reconstltution of enzyme activrty requires assistance of leucine zipper 
fonmation. DHFR fragment-interface point mutants of increasing severity (lie 
to Val, Ala and Gly) resulted in a sequential increase in E. co/i doubling times 
illustrating the successful DHFR fragment reassembly rather than non- 
specific interactions between fragments. This In vh/o assay could be used 
to study equilibrium and kinetic aspects of protein-protein interactions and for 
screening cDNA libraries for binding of a target protein with unknown 
proteins. Further, the selection and design criteria applied here to DHFR 
could be used to develop a strategy using any enzyme that wouM be 
appropriate for a donal selectton or direct detection of enzyme activity. 
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TITLE OP TWEINVEMTIQW 

A protein fragment complementation assay for the 
detection of protein-protein Interactions 

5 

FIELD OF THE IWVENT1QN 

The present invention relates to the determination of the 
function of novel gene products. The invention further relates to a Erotein 
10 fragment Complementation ^ay (PCA). The PCA allows for the 
detection of a wide variety of types of protein-protein interactions in 
diffierent contexts. 

BACKQROUND OF THE IMVEIITIQN 

15 Many processes in biology, Including transcription, 

translation, and metabolic or signal transduction pathways, are mediated 
by non-covalentiy-assodated multienzyme complexes' Further, with 
rapid advances in genome sequencing projects there is a need to develop 
strategies to define "protein linkage maps", detaDed Inventories of protein 

20 Interactions that make up ftjnctional assemblies of proteins^ Despite the 
importance of understanding protein assembly In biological processes, 
there are few convenient methods for studying protein-protein interactions 
in vivo ^. A powerful and commonly used strategy, the yeast two-hybrid 
system, }s used to klentHy novel protein-protein interactions and to 

25 xamlne the amino add determinants of spedfk; protein interactions*^. 
The approach allows for screening of cDNA libraries, or mutants of 
indivklual genes. Cellular machineries for transcription, translation, and 
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metabolic or signal transduction pathways are examples of processes 
mediated by muttiprotein complexes. TTie formation of muttiprotein 
complexes produce the most efficient chemical machinery. 

Much of modem biological research is concemed with 
5 Identifying proteins involved in cellular processes, detennining their 
functions and how, when, and where they interact with other proteins 
involved In specific pathways. Despite the importance of understanding 
protein assembly to biological processes, there are few available methods 
for studying protein-protein interactions in vivo. Approaches include the 

10 use of chemical crosslinking reagents and resonance energy transfer 
between dye-coupled proteins A very powerful approach for 

studying protein-protein interactions In vivo Is the recently developed 
yeast two-hybrid strategy This method is being used extensively to 
identify novel protein-protein interactions. The approach allows for rapid 

15 screening of a tonge number of clones* including cONA libraries. 
Limitations of this technique include the fact that the Interaction must 
occur in a specific context (the nucleus of 5. cerBvisiae), and generally 
cannot be used to distinguish Induced versus constitutive interactions. 

Recently, a novel strategy for detecting protein-protein 

20 interactions has been demonstrated by Johnsson and Varshavsky 
called the ubiquitin-based split protein sensor (USPS)^ The strategy is 
based on cleavage of proteins with A(-terminal fusions to ubiquitln by 
cytosolic proteases (ubtquitlnases) that recognize its tertiary structure. 
The strategy depends on the reassembly of the tertiary structure of the 

25 protein ubiqutttn from complementary N- and Oterminal fragments and 
crudally, on the augmentton of this reassembly by otigomenzation 
domains fused t these fragments. Reassembly is detected as specific 
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proteotysis of the assembled product by cytosolic proteases 
(ubiquitinases). The authors demonstrated that a fusion of a reporter 
protein-ubiqultin C4emninal fragment could also be cleaved by 
ubiquftlnases. but onty ff co-expressed wfth an A^temnfnal firagment of 
5 ubiquitin that was complementary to the C-termlnal fragment. The 
reconstftutlon of observabte ubiquitinase activity only occurred If the 
and C-temninal fragments were bound through GC^44 leucine zippers 
'^^''f. The authors suggested that this "spOt^ene" strategy could be used 
as an /n vivo assay of protein-protein interactions and analysts of protein 

10 assembly kinetics in cells. Unfortunately, th*» strategy requires additional 
agents (in this case ubiquitinases). There is therefore a need for a 
system which uses the reconstitution of a specific enzyme activity from 
fragments as the assay itself. 

The methods described above require additional cellular 

1 5 machinery for detection that exist only In specific cellular compartments. 
There thus remains a need for the obterttion of an oligomerizatlon- 
assisted complementation of fragments which could provide a general 
strategy for detecting protein-protein interactions without a requirement 
for other proteins for the detection of the activity. Preferably, the assay 

20 would involve an oligomerization-assisted oomplementotion of fragments 
of rmnomeric enzymes that require no other proteins for the detection of 
their actrvrty. Furthemnors. If the structure of an enzyme were Icnown it 
would be possible to design fragments of the enzyme to ensure that the 
reassembled fragments wouldl be active and to introduce mutations to 

25 alter the stringency of detection of reassembly. The flexibility allowed in 
the design of such an approach would make It applicable to situations 
where other detection systems may not be suitable. 
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Recent advances in human genomics research has led 
to rapid progress in the identification of novel genes. In applications to 
biological and phamiaceutical research, there is now the pressing need 
to detannine the functions of novel gene products; for example, for genes 
shown to be involved In disease phenotypes. It Is in addressing 
questions of function where genomics-based phamiaceutical research 
becomes bogged down and there is now the need for advances In the 
development of simple and automatable functional assays. A first step 
In defining the function of a novel gene is to determine its interactions with 
other gene products in an appropriate context; that is, since proteins 
make specific interactions with other proteins as part of functional 
assemblies, an appropriate way to examine the function of a novel gene 
is to detemnrne Its physical relationships with the products of other genes. 

Screening techniques for protein interactions, such as 
the yeast two-hybrid" system, have transfonned molecular biology, but 
can only be used to study spedftc types of interactions and to screen for 
constitutively interacting proteins. To rattonaliy screen for protein 
Interactions withki the context of a specific problem requires more flexible 
approaches. 

There thus remains a need to develop a protein 
fragment complementation assay having the following capabilities: 

1) Allow for the detection of prot^n-proteln Interactions fn vivo or in vitro, 

2) Allow for the detection of protein-protein Interactions In appropriate 
contexts, such as within a specific organism, cell type, celtular 
compartment, or organelle. 

3} Allow for the detection of induced versus constitutive protein-protein 
Interactions (such as by a cell growth or inhibitofy factor). 
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4) To be able to distinguish specific-versas non-specific protein-protein 
interactions by controlling the sensitivity of the assay. 

5) Allow for the detection of the kinetics of protein assembly in cells. 

6) Allow for screening of cDNA libraries fbr protein-protein interactions. 

5 

SUMMARY OF THE IMVEMTIQM 

The present invention seeks to provide these and other 
needs. The present invention surprisingly provides an oligomerization- 
assisted oonnplennentation of fragments which provides a general strategy 

10 fbr detecting protein-protein. In a preferred embodiment, the instant 
inventton seeks to provide an oligomerization-assisted complementation 
of fragments of nxinomeric enzymes that require no other proteins for the 
detection of their activity. In one such embodiment a protein-fragment 
complementation assay (PCA) based on reconstitutlon of dihydrofolate 

15 reductase activity by complementation of defined firagments of the 
enzyme In £ coll is hereby provided. This assay requires no additional 
endogenous factors for detecting specific protein-protein interactions (Le. 
leucine zipper Interactions) and can be conveniently extended to 
screening cDNA libraries for protein interactions. In addttran, the assay 

20 can also be adapted for detection of protein-protein interactions in any 
cellular context or compartment and be used to distinguish between 
induced t/ersi/s constitutive protain-protein interactions in both prokaryotic 
and eukaryotic systems. 

One particular strategy fbr designing a protein 

25 complenf>entation assay (PCA) is based on using the following 
characteristics: 1) An enzyme that is relatively small and monomeric, 2) 
for which there is a large literature of structural and functional information, 
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3) far which simple assays for the activity of the enzyme both /n vivo and 
in vitro exist and 4) for which overexpresslon In eukaryotic and 
prokaryotic ceils has been demonstrated. If these criteria are met. the 
structure of the enzyme is used to decide the best position in the 
5 polypeptide chain to split the gene in two, based on the following criteria: 
1 } The fragments should result in subdomains of continuous polypeptide; 
that Is. the resulting fragments will not disrupt the subdonnain structure of 
the protein, 2) the catalytic and cofactor binding sites should all be 
contained In one fragment, and 3) resulting new A/- and C-temnlni should 

10 be on the sanie foce of the protein to avoid the need for long peptide 
linkers and aUow for studies of orientatkm-dependenoe of protein binding. 

It shoukj be understood that the above mentioned 
criteria do not all need to be satisfied for a proper woricing of the present 
invention. It is an advantage that the enzyme be small, preferably 

15 between KMOkDa. Although monomeric enzymes are preferred, 
multimeric enzymes can also be envisaged as within the scope of the 
present Invention. The dimeric protein tyrosinase can be used In the 
instant assay. The informatfon on the enzyme provides an additional 
advantage in designing the PCA. Criteria 3) above is a cmcial criteria. 

20 Although the overexpresslon in prokaryotic cells is preferred it is not an 
absolute necessity. It will be understood to the skilled artisan that the 
enzynrte catalytic site (of the chosen enzyme) does not absolutely need 
to be on same molecule. 

The present application explains the rationale and 

25 olteria for using a particular enzyme In a PCA. Figure A shows a general 
description of a PCA. Using molecular btology techniques, the chosen 
fragments of the enzyme are subdoned. and to the 5' ends of each, 



2196496 

7 



proteins that either are known or thought to interact are fused. Co- 
transfection or transformation these DMA constructs into cells is then 
carried out and reconstitution with some assay is observed. It is crucial 
to understand that these assays will only work if the fused, Interac^ng 
5 proteins catalyze the reassembly of the enzyme. That is, observation of 
reoonstrtuted enzyme activity must be a measure of the interaction of the 
fused proteins. The gene for an enzyme is rationaDy dissected into two or 
more pieces . Fusion proteins are constructed with two proteins that are 
thought to bind to each other, fused to either of the two probe fragments. 

10 Reassembly of the probe protein from its fragments is catalyzed by the 
binding of the test proteins to each other, and Is detected as 
reconstitution of enzyme activity. 

A preferred embodiment of the present invention 
focuses on a PCA based on the enzyme dihydrofoiate reductase. 

15 Expansion of the strategy to include assays in eukaryotic, cells, library 
screening, and a specific application to a problem concerning the role of 
the enzyme p70 S6 ribosomal protein kinase in integrating growth factor- 
actrvatad signal transduction pathways is also provided. Four additional 
assays, including those based on the proteins Ubkiuitin, Gtutathione-S- 

20 Transferase, Green Fluorescent Protein, and Fire Fly Ludferase are also 
disclosed. Finally the present invention teaches how the PCA strategy 
can be both generalized and automated for functional testing of novel 
genes and the screening of natural products for phanmaoologlcal activity. 

A simple strategy to design and implement assays for 

25 detecting protein-protdn interactions /nWk/D is disclosed herein. We have 
designed complementary fragments of the native mDHFR that, when 
coexpressed in E coll grown In minimal medium, allow for survival of 
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clones expressing the two fragments, where the basal activity of the 
endogenous bacterial DHFR is Inhibited by the competitive Inhibitor 
trimethoprfm (Fig. 3). Reoonstitution of activity only occurred when both 
N- and C-temilnai fragments of DHFR were coexpressed as C-tennlnal 
5 fusions to GCN4 leucine zipper sequences, indicating that reassembly of 
the fragments requires forniation of a leucine zipper between the and 
Oterminal fijsion peptides. The sequential increase in cell doubling times 
resulting from the destabilizing mutations directed at the assembly 
Interface (llei 14 to Val. Ala or Gly) demonstrates that the observed cell 

10 survival under selective conditions is a result of the specific, (eucine- 
zipper-assisted association of mDHFR fragment[1 ,2] with fragment^], as 
opposed to nonspecific interactions of Z-F[3] with Z-F(1,2]. 

As demonstrated previously with the ubiquitin-based 
split protein sensor (USPS)^ a protein-fragment complementation 

15 strategy can be used to study equiObrium and kinetic aspects of protein- 
protein interactions in vivo. The DHFR PCA however, is a simpler assay 
based on the same strategy. It Is a complete system; no additional 
endogenous fectors are necessary and the results of complementation 
are observed directtyf with no further manipulation. The E cotf cell 

20 sun/lval assay described herein should therefore be particularly useful for 
screening cDNA libraries for protein-protein interactions. mDHFR. 
expression in cells can be monitored by binding of fluorescent high-affinity 
substrate analogues for DHFR^. 

There are several further aspects of the DHFR PCA that 

25 distinguish It from all other strategies for studying protein-protein 
interactions in vivo (except USPS). We have des^ned complementary 
fragments of DHFR that allow for controlling the stringency of the assay. 
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and could be used to oblain estimates of the kinetics and equilibrium 
oonstantsfor association of two proteins, the point mutatk>ns of the wild- 
type mDHFR Ite 114 to Val, Ala, or Gly alter the stringency of 
reoonstitution of DHFR activity. For determining estintates of equilibrium 
5 and kinetic pararneters for a specific protein-protein interacHon, one could 
perfonm a series of DHFR PCA experiments with two proteins that interact 
with a known affinity, using the wild type or destabilizing mutant DHFR 
fragments. Comparison of cell growth rates In this model system with 
rates for a DHFR PCA using unknowns would give an estimate of the 

1 0 strength of the unknown Interaction. 

It shouM be understood that the present invention 
should not be limited to the DHFR PCA, as it is only one non-limiting 
embodiment of the protein complementation assay of the present 
Invention. Moreover, the DHFR PCA should not be limited in the context 

1 5 in which it could be used. Constnjcts coukS be designed for targeting the 
mDHFR fusions to specific compartments in the ceil by addition of 
signaling peptide sequences^^*". Induced versus constitutive protein- 
protein interactions coukl be distinguished by a eukaryotic version of the 
DHFR PCA, in the case of an interaction that is triggered by a 

20 biochemical event Finally, the system couU be adapted fbr use in 
screening for novel, Induced protein-protein associations betuveen a 
target protein and an expression library. 

In conclusion, the present invention Is plonneering as It 
is the first protein complementation assay displaying such a level of 

25 simplicity and versatility. The exemplified embodiment Is a protein- 
fragment complementation assay (PCA) based on mDHFR. where a 
leucln zipper dlre^ ti>e reoonstitution of DHFR activity. Activity was 
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detected by an E co// survival assay wtilch is both practical and 
inexpensiva. This system illustrates the use of mDHFR fragment 
complementation \n the detection of leucine zipper dimerization and could 
be applied to the detection of unicnown, specific protein-protein 
5 interactions in vfvo. 

It should be undertstood that the instant invention is not 
limited to DHFR, as numerous other selectable markers can be selected 
and used in accordance with the teachings of the present invention. 
Examples of such markers can be found in Kaufman, (1 987 Genetic Eng. 
10 &:155-198) and references found therein. Non-limiting examples of 
selectable markers which satisfy the criteria as set forth herein include: 
Thymkline kinase, rfbonucleotidereductase, glutamin synthetase, IMP-S* 
dehydrogenase, adenylate deaminase, methionlne»1. and threonyt-tRNA 
synthetase. 

1 5 It Should also be dear to the skilled artisan to which the 

present invention pertains that the invention is not limited to the use of 
leucine zippers as the two protein-protein interaction domains. Indeed, 
numerous other types of protein-protein interactions can be used and 
identified in accordance with the teaching of the present invention. The 

20 known types of motifs involved in protein-protein interactions are well 
known in the art. I^n-llmiting examples of such domains include ooiled- 
coil motife, helix-loop-helix motifs. 

The present application refers to a number of 
25 documents, the contents of which is herein incorporated by reference. 
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other features and advantages of the present invention 
will be apparent from the following description of the preferred 
embodiments thereof, and from the claims. 

5 BRIgP PgSCRlPTIOM OF THE DRAWINGS 

FIG. a Figure A shows a general description of a PCA. 
Using molecular biology techniques, the chosen fragments of the enzyme 
are subdoned, and to the 5* ends of each, proteins that either are Icnown 
or thought to interact are fiised. Co-transfection or transformation these 

1 0 DMA constructs into celts is then carried out and reconstitution with some 
assay Is observed. 

FIG. 1 (A) A model of the Z-F[1.2] - Z-F[3J complex. Z- 
F[1,2] is represented in orange, blue, and cyan for the first helix of the 
GCN4 leucine zipper, F[1] and F[2] respectively. Z-F[3I is rendered in 

1 5 green and yellow for the second helix of the zipper and F[3] respectively. 
The nnodel was derived from crystaitographlc coordinates for a dtmeric 
leucine zipper of GCN4 bound to DMA " and the DHFR stmcture is ftom 
crystal structure coordinates for hDHFR comptexed with folate^\ 
(B) Structure of hDHFR bound to NADPH (violet) and methotrexate^- 

20 tetrazole (goM)^. F [1,2] and [3] are colored as in (A), lie 114 and 
surrounding residues In F(1,2] are shown fn grey. 

FIG. 2: Scheme of the fusion constructs used in this 
study. The hexahistidtne peptide (6Hls), the homodimerizing GCN4 
leucine zipper (Zipper) and mDHFR fragments (1 , 2 and 3) are illustrated. 

25 The labels for the constructs are used to identify both the ONA constructs 
and the proteins expressed from these constructs. 
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FIG. 3: (A) £. coll survival assay on minimal medium 
plates. Control: Left side of the plate: £. coll harboring pQE-30 (no 
insert); right side: E. coti hartx)ring pQE-16, coding for native mDHFR. 
Panel I: Left side of each plate: transformation with construct Z*F[1,2]; 
5 right side of each plate: transformation with construct Z-F[3]. Panel II: 
Cotransformation with constructs Z-F[1,2] and Z-F(3]. Panel III: 
Cotransfomiation with constructs Control-F[1,2] and Z-F[3]. All plates 
contain 0.5 n>g/ml trimethoprim. In panels I to III. plates on the right side 
contain ImM IPTG. 

10 (B) £. cofi survival assay using destabilizing DHFR 

mutants. Panel I: Cotransfbmiation of E coti with constructs Z-F[1 ^| and 
Z-F[3:lle114Val]. Panel II: Cotransfbmiation with Z-F[1,21 and Z- 
F[3:lle114Ata]. Inset is a 5-fbfd enlargement ofthe right-side plate. Panel 
III: Cotransformation with Z-F[1 .2] and Z-FI3:l)e1 UGly]. All plates contain 

15 0.5 mg/rni trimethoprim. Plates on the right side contain ImM IPTG. 

FIG. 4: Coexpression of mDHFR fragments. (A) 
Agarose gel analysis of restriction pattern resulting from H/ndl digestion 
of plasmld DMA. Lane 1 contains DMA isolated from E. coli 
cotransfbrmed with constructs Z-F[1 .2] and Z-F[3]. Lanes 2 and 3 contain 

20 DNA isolated from £ coli transfbmned with, respectively, construct Z-F[3] 
and construct Z-F[1.2]. Fragment migration (in bp) is indicated to the 
right. 

(B) SOS-PAGE analysis of mDHFR fragment 
expression. Lanes 1 to 5 show crude lysate of ijntransformed E. coli 
25 (lane 1). or E. coli expressing Z-F[1,2] (20.8 kDa; lane 2), Z-F[3] (18.4 
kOa; lane 3). Control-F[1 .2] (14.2 kDa; lane 4), and Z-F[1 ^] + Z-f[3] (lane 
5). Lane 6 shows 40 ml out of 2ml copurified Z-f [1,2] and Z-FI3]. 
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Arrowheads point to the proteins of Interest Migration of molecular 
weight markers (in kDa) is indicated to the right 

Other objects, advantages and features of the present 
Invention wiO become more apparent upon reading of the following non- 
5 restrictive description of prefsrred embodiments with reference to the 
accompanying drawings which are examplary and should not be 
interpreted as limiting the scope of the present invention. 

10 DESCRIPTION OF THE PREFERRED EMBOPrMENT 

Selection of mDHPR for a PCA. Murine DHFR 
(mOHFR) meets aQ of the criteria for a PCA listed above. Prokaryotic and 
eukaryotic DHFR is central to cellular one-carbon metabolism and is 
absolutely required for ceil survival in both prokaryotes and eukaryotes. 

15 Specifically it catalyses the reduction of dihydrofolate to tetrahydrofolate 
for use In transfer of one-cari3on units rsquirBd for biosynthesis of serir^, 
methionine, purines and thymUylate. TYie DHFRs are small (17 kD to 21 
kO), monomeric proteins. The crystal structures of DHFR from various 
bacterial and eukaryotic sources are known and substrate binding sites 

20 and active site residues have been determined "^'^ ^, allowing for ratbnal 
design of protein fragments. The folding, catalysis, and kinetics of a 
number of DHFRs have been studied extensively^ The enzyme 
activity can be monitored in vftm by a simple spectrophotometric assay 
or in vi\/o by cell survival in cells grown In the absence of DHFR end 

25 products. DHFR is spedficaliy Inhibited by the anti-fotete drug 
trimethoprim. As mammalian DHFR has a 12000-fold lower affinity for 
trimethoprim than does t»acterial DHFR^'\ growth of bacteria expressing 
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mDHFR tn the presence of triinethoprim levels lethal to bacteria Is an 
efficient means of selecting for reassembly of mDHFR fragments into 
active enzyme. High level expression of mDHFR has been demonstrated 
in transformed prokaryole or transfecled eukaryotic cells^**-^". 

5 Design Considerations. mDHFR sharra high sequence identity Vkrith the 
human DHFR (hDHFR) sequence (81% identity) and Is highly 
homologous to the E. colt enzyme (20% identity, 68% homology) and 
these sequences share visually superimposable tertiary structure 
Comparison of the crystal stmctures of mDHFR and hDHFR suggests 

10 that their active sites are essentially identicaP"*^^. DHFR has been 
described as being formed of three structural fragments fonming two 
domalns^^' "° the adenine binding domain (residues 47 to 105 « 
fragment(2D and a discontinuous domain (residues 1 to 46 fragment[1] 
and 106 to 186 [3]; numbering according to the murine sequence). The 

15 folate binding pocket and the NADPH binding groove are formed mainly 
by residues belonging to fragment8[1] and [2]. Fragment [3] is not 
directly implicated in catalysis. 

Residues 101 to 108 of hDHFR, at the junction between 
fragmentt2] and fragment(3], fomi a disordered loop which lies on the 

20 same face of the protein as both termini. We chose to cleave mDHFR 
between fragments (1 ^] and [3], at residue 107, so as to cause minimal 
disruption of the active site and NADPH cofactor binding sites. The 
native N- tenninus of mDHFR and the novel ^terminus created by 
cleavage occur on the same surfiaoe of the enzyme^^^ altowing for 

25 ease of AMermtnal covalent attachment of each fragmerrt to associating 
fragments such as the leucine zippers used In this shidy. Using this 
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system, we have obtained leucine-zipper assisted assembly of the 
mDHFR fragments into active enzyme. 

EXPERUflENTAL PROTOCOL 
5 DNA Constructs. Mutagenic and sequencing oligonucleotides were . 
purchased from Gibco BRL Restriction endonudeases and DNA 
iTKxlifying enzymes vrare from Pharmacia and New England Biolabs. The 
mDHFR fragments canying their own in-frame stop oodon vrere 
subdoned into pQE-32 (Qiagen), downstream from and In-frame with the 

10 hexahlstidine peptide and a GCN4 leucine zipper (Rg. 1A; Fig. 2). All 
final constructs were based on the Qiagen pQE series of vectors, which 
contain an Inducible promoter-operator element (tec), a consensus 
ribosomal binding site, initiator codon and nucleotides coding for a 
hexahlstidine peptide. Full-tength mDHFR is expressed from pQE-16 

15 (Qiagen). 

Expression vector hartaorinq the GCN4 leudna 2ipper Residues 235 to 
281 of the GCN4 leucine zipper (a SaI\fBamH\ ISA bp fragment) were 
obtained from a yeast expression plasmid pRS316^ The recessed 
terminus at the BamHI site was fiOed-tn with Klenow pofymerase and the 

20 fragmem was ligated to pQE-^2 linearized wfth5oil/H/ncflll(fnte^ The 
product, construct Z, carries an open reading frame coding for the 
sequence Met-Arg-Gly-Ser followed by a hexahlstidine tag and 13 
residues preceding the GCN4 leucine zipper residues. 
Creation of DHFR fraomenls: The eukaryotic transient exprBs sion vector, 

25 pMT3 (derived from pMT2)^^ was used as a teniplate for PCR-generation 
of mDHFR containing the features allowing subdoning and separate 
expression of fragment[1 ,2] and fragmentlSI. The megaprlmer method of 
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PCR mutagenesis^ was used to generate a full-length 590 bp product. 
Oligonucleotides complementary to the nucleotide sequence coding for 
the N- and C-temnlnl of mDHFR and containing a novel BspEI site outside 
the coding sequence were used as well as an oligonucleotide used to 
5 create a novel stop codon after fragment[1 ,2], followed by a novel Spel 
site for use in subcloning fragmen1[3]. 

Construction of a new multiple ctonina fcoion and subclon'mo of DHFR 
fragments (1,2] and [3] : Complementary oligonucleotides containing the 
novel restriction sites: SnaBI, Nhe\, Spe\ and SspEI, were hybridized 

10 together resulting in 5* and 3' overhangs complementary to EcoRI, and 
inserted into pMT3 at a unique EcoRI site. The 590 bp PCR product 
(described above) was digested with BspEI and inserted Into pMT3 
linearized at fispEI, yielding construct [1,2,3]. The 610 bp fispEI/EcoNI 
fragment (coding for DHFR fragment(1,2]. followed by a novel stop and 

15 fragment(3] up to EooNI) was filled in at EcoNI and subcloned into pMT3 
opened with BspEUHpal yielding construct F[1,2]. The 250 bp 
SpeUBspE\ fragment of construct [1,2,3] coding for DHFR fragmentI3] 
(with no In-frame stop codon) was subcloned Into pMT3 opened with the 
same enzymes. The stop codon of the wild^ype DHFR sequence, 

20 downstream from fragment[3] In pMT3, was inserted as folbws. 
Cleavage with EcoNI, present in both the inserted fragment[3] and the 
wild-type fragment[3], removal of the 683 bp intervening sequence and 
religation of the vector yielded a construct of fragment(3] with the wild- 
type stop codon, construct F[31. 

25 Creation of the Qxpresaion constructs: Th 1051 bp and the 958 bp 
SnaBUXba\ 4ragments of constmcts F[1,2] and F[3], respectivety, were 
subcloned into construct Z opened wi^ 6g/ll(fiIled-in)/A//)6l. yielding 
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constructs Z-F[1,2] and Z-F[31 (Fig. 1A; Fig. 2). For the Control 
expression construct* the 180 bp Xma\iBspE\ fragment coding for the 
zipper was removed from construct Z-F(1 ,2], yielding construct Control- 
F[1,2I(Rg.2). 

6 Creation of Stability IMutants. Site-directed mutagenesis was 
performed" to produce mutants at IIe114 (numbering of the wild-type 
mDHFR). The nruitagenesis reaction was carried out on the Kpn\IBamH\ 
fragment of construct Z-F[3] subdoned into pBtuescript SK^ (Stratagene), 
using oligonucleotides that encode a silent mutation producing a novel 

10 BamHl site. The 206 bp NheUEcoHl fragment of putative mutants 
identified by restriction was subcloned back into Z-F(3]. The mutations 
were confirmed by DNA sequencing. 

E CO// Survival Aaaay. E oo// strain Bl-21 carrymg plasmtd pRep4 (from 
Qiagen, for constitutive expression of the lac repressor) were made 

1 5 competent, transfonmed with the appropriate DNA constructs and washed 
twice with minimal medium before plating on minimal medium plates 
containing 50 mg/ml kanamycin, 100 mg/ml ampicillin and 0.5 mg/ml 
trimethoprim. One half of each transfomnatlon mixture was plated in the 
absence, and the second half in the presence, of 1 mM IPTG. All plates 

20 were placed at 37°C for 66 hrs. 

E cof/ Growth Curves: Colonies obtained from ootransfomnation were 
propagated and used to Inoculate 10 ml of minimal medium 
supplemented with ampldilln, kanamycin as welt as IPTG (ImM) and 
trimethoprim (1 fjgffA) where indicated. Cotransfrjrmants of Z-FI1,2] + Z- 

25 F[3:lle1 14Glyl were obtained under non-selective conditions by plating 
the transfomiation mixture on L-agar (••- kanamycin and ampicfllin) and 
scr ning for the presence of the two constructs by restrict! n analysis. 
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All growth curves were performed In triplicate. Aliquots were withdrawn 
perkxlicany for measurement of optical density. Doubling time was 
calculated for early logarithmic growth (OD between 0.02 and 0.2). 
Protein Overexprassion and Purification. Bacteria were propagated In 
5 Terrific Broth^* in the presence of the appropriate antibiotics to an ODeoo 
of approximately 1.0. Expression was induced by addition of 1 mM IPTG 
and further incubation for 3 hrs. For analysis of crude extract, pellets 
from 150 nnl of Induced cells were tysed by boiling in loading dye. The 
lysates were darffied by mEcrocentrtfugation and analyzed by SDS- 

1 0 PAGE^. For protein purification, a ceil pellet from 50 ml of Induced E. coli 
cotransformed with constructs Z-F[1,2] and Z-F[3] was tysed by 
sonlcation. and a denaturing purification of the insoluble pellet undertaken 
using Ni-hfTA (Qiagen) as described by the manufacturer The proteins 
were eluted with a stepwise imidazole gradient. The fractions were 

15 analyzed by SDS-PAGE. 

RESULTS 

Selection of mDHFR for a PCA. In designing a protein^gment 
complementation assay (PCA), we sought to identify an enzyme for which 

20 the foDowIng is true: 1 ) An enzyme that is relatively small and monomeric, 
2) for which structural and functional information exists. 3) for which 
sirnple assays exist for both in vivo and in vitro measurement, and 4) for 
which overexpression in eukaryotic and prokaryotic cells has been 
demonstrated. Murine DHFR (mDHFR) meets all of these criteria. DHFR 

25 is central to prokaryotic and eukaryotic one-carbon metabolism and Is 
absolutely required for cell survival. mDHFR Is a smaO (21 kD), 
monomeric protein of known crystal structure^^'^'. The emym activity 
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can be monitored in vh/o by cell survival in cells grown In the absence of 
DHFR encf-products. In our assay we took advantage of the feet that E. 
coti DHFR is selectively inhibited by the anti-fblate drug trtntethoprim. As 
mammalian DHFR has a 12,000-f6ld lower affinity fortrunethoprim than 

5 does bacterial DHFR^\ growth of bacteria expressing mOHFR In the 
presence of trimefhoprtm levels lethal to bacteria Is an efficient means of 
selecting for reassembly of mDHFR fragnlents into an active enzyme. 
Finally, mDHFR expression has been demonstrated to occur at high 
levels in transfomied prokaryotic or transfected eukaryotic oells^^' 

1 0 Design Considerations. mDHFR shares high sequence identity with the 
human DHFR (hDHFR) sequence (91% identity) and is highly 
homologous to the E. colt enzyme (29% kientity, 68% homology). 
Comparison of the crystal stoictures of mDHFR and hDHFR suggests 
that their active sites and substrate binding pockets are identical, and 

15 homologous to those of E coli DHFR^'* As the coordinates of the 
murine crystal structure were not available, we based our design 
oonskleratkms on the hDHFR stmcture^\ with further comparisons to the 
avian and £ coA* structures'^ '^ DHFR has been described as oomprtsing 
three sfructural fragnrwnts iFormIng two domair^: the adenine binding 

20 domain (FI21) and a discorrtinuous domain (F[1] and f^3D^''^^ The folate 
binding podcet and the NADPH binding groove are formed mainly by 
residues belonging to F[1] and F[2]. Residues in F[3] contribute Kttle to 
sii>strate binding and catalysis ^\ but do contribute to DHFR stability and 
to kinetic parameters 

25 Residues 1 01 to 108 of hDHFR. at the junction between 

F[2] and F[3]» forni a disordered loop which lies on the same ^ce of th 
protein as both temnini. Cleavage of mDHFR at this k)op and fusion of 



the native termini Kas produced a drcularty permuted protein with 
physical and kinetic properties very similar to the native enzyme, 
suggesting that radical modifications In this loop are not disruptive to 
activity". We chose to cleave mDHFR between F{1,2] and F[3], at 
5 residue 107, so as to cause minimal disruption of the active site and 
substrate bindlrig sites. The native AMemilnus of mDHFR and the novel 
V-tennlnus created by cleavage occur on the same surfeoe of the 
enzyme*^'^^ facilitating A^termlnal covalent attachment of each fragment 
to associating fragments such as ti^ leucine zippers used in this study 
10 (Rg. 1A). 

£, CO// Survival Assays. Figure 2 Illustrates the general features of the 
expressed constructs and the nomenclature used In this study. Figures 
(panel A) Illustrates the results of cotransformation of bacteria with 
constructs coding for Z-F[1 .2] and Z-F(3|, In the presence of trimethoprim, 

1 5 dearly showtr^ that colony growth under selective pressure is possible 
only In cells expressing both fragments of mOHFR. There Is no growth 
in the presence of either Z-F[1,2] or Z-F(3] alone. Induction of protein 
expression with IPTG is essential for colony growth (Fig. 3A). The 
presence of the leucine zipper on both fragments of mDHFR is essential 

20 as illustrated by cotransfonnation of bacteria with botti vectors coding for 
mDHFR fragnrants, only one of which canies a leucine zipper (Fig. 3A). 
It should be noted that growtii of control E. coli transfbnned wfth the full- 
length mDHFR is possible in the absence of IPTG due to low levels of 
expression in uninduoed cells. 

25 Confirmation of the presence of both plasmids in 

bacteria able to grow with trimethoprim was obtained from restriction 
analysis of the plasmid DMA purified from isolated colonies. Figure 4 (A) 
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reveals the presence of the 1200 bp H/ncll restriction fragment finoni 
construct Z-FI1,2] as well as the 487 and 599 bp H/ncll restriction 
fragments from construct Z-F{3]. Also present is the 935 bp HincW 
fragment of pRep4. Overexpression of the fusion proteins is illustrated 

5 in Figure 4 (B). In all cases, overexpression of a protein of the expected 
molecular weight is apparent on SDS-PAGE of the crude lysate. 
Purification of the coexpressed proteins under denaturing conditions 
y tefded two bands of apparent homogeneity upon analysis by Ccomassie- 
stained SDS-PAGE (Fig. 4B). 

10 stability Mutants: We generated mutants of F[3] to test whether 
reconstitution of mOHFR activity by fragment assembly was specific. 
Protein stability can be reduced by changing the side-chain volume in the 
hydrophobic core of a protein^ Residue Ile114 of mDHFR 
(highlighted in Fig. IB) occurs in a core b-strand at the Interfeoe between 

15 F[1 ^] and FfS], Rotated from the active site, lie 114 is in van der Waals 
contact with lleSI and Leu93 in F[^,2Y\ We mutated lie 114 to Val, Ala, 
or Gly. Figure 3 (panel B) tnustrates the results of cotransfomnation of £. 
coti with construct Z-F[1,2] and the mutated Z-F[3] constructs. The 
colonies obtained from cotransfbnnation with Z-FI3:lle1 14Ala] grew more 

20 slowly than those cotransfbnn^ with Z-F(3] or Z-FI3:lle1 14Val] (see inset 
to Fig. 3B). No colony growth was detected In cells cotransfonned with 
Z-F[3:lle114Gly]. The number of transfomiants otitained was not 
significantty different in the case where colonies were obsen/ed. implying 
that cells cotransfonned with Z-FI1 .2] and either Z-F[3], Z-F(3:lle1 14VaO 

25 or Z-FI3:l!e114Ala] have an equal survival rate. Overexpression of the 
mutants Z-F[3:lle114X] was in the same range as Z-F(3], as determined 
by Coomassie-stained SDS-PAGE (data not shown). 
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We compared the relative efficiency of reassembly of 
mDHFR fragments by measuring the doubling time of the cotransfbmiants 
in liquid medium.. Doubling time in minimal medium was constant for all 
transformants (Table 1). Selective pressure by trimethoprim In the 
5 absence of f PTG prevented growth of £ coJJ except when transfomned 
with pQE-16 coding for full-length DHFR due to low levels of expression 
in uninduced ceDs. Induction of mDHFR fragment expression with IPTG 
allowed survival of cotransfbrmed cells (except In the case of Z-F[1 ,2] 
Z-F|3:lle1 14Gly], although the doubling times were significantly increased 

10 relative to growth in the absence of trimethoprim. The doubling time 
measured for cells expressing 2-F[1,2] + Z-F13J. Z-F[1,2] + Z- 
F{3:[|e114Val] and Z-FI1.2] ^ Z-F[3:lle114Ala] were 1.6-fold. 1.9-f6ld and 
4.1-fbld, higher rsspectrvely, than the doubling time of E. coli expressing 
pQE-16 in the absence of trimethoprim and IPTG. The presence of IPTG 

15 unexpectedly prevented growth of E co/if transformed with full-tength 
mDHFR. Growth was partially restored by addition of the folate 
metabolism end-products thymine, adenine, pantothenate, glycine and 
methionine (data not shown). This suggests that induced overexpression 
of mDHFR was lethal to E co!l when grown in minimal medium as a 

20 result of depletion of the fbtata pool by binding to the enzyme. 

DISCUSSION 

We are presently making point mutations in the GCN4 
leudne zipper of Z-F[1t2] and Z*F[3]. for which direct equilibrium and 
25 kinetic parameters are known and conrelating these known values with 
parameters derived from the PC^ (Pelletier and Mtehntek. in prBparathn). 
Comparison of cell growth rates in this model system with rates for a 
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DHFR PCA using unknowns would give an estimate of the strengtfi of the 
unknown interaction. This should enable the determination of estimates 
of equilibrium and kinetic parameters for a spedfk: protein-protein 
interaction, 

5 In conclusion, we have developed and demonstrated a 

protein-^ment complementation assay (PCA) based on mDHFR, vi^ere 
a leucine zipper directs the reconstitution of DHFR activity. Activity was 
detected by an E. coli survival assay which is both practical and 
inexpensive. This system illustrates the use of mDHFR fragment 
1 0 complementation in the detedton of leucine zipper dimerization and could 
be applied to the detection of unknown, specific protein-protein 
interactions in vivo, 

gXAMPLEI 

15 THE mDHFR PCA a«eav 

AppRcation of the DHFR PCA to Mapping Growth Factor4yied]atod 
Signal Transduction Pathways 

One of the earliest detectable events in growth factor- 
activated ceD proliferation is the serine phosphorylation of the S6 protein 

20 of the AOS rfbosomal subunit. The discovery of serine/threonine kinases 
that specHteaily phosphorylate S6 have considerably aided tn Identilying 
novel mitogen mediated signal transduction pathways. The 
serine/threonine kinase p70^ has been dentified as a specific S6 
phosphorylase"*'''®. pW is activated by serine and threonine 

25 phosphorylation at specific sites In response to several mitogenic signals 
including serum in serum starve cells, growth factors including insulin 
and PDGF. and by mitogens such as phort>ot esters. Considerable effort 
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has been made over the last five years to determine how p70/p85^ are 
activated in response to mitc^ens. Two receptor-mediated pathways have 
been impiicated in p70^ activation, one associated with the 
phosphatidylinosttot-3-ldnase (Pl(3)k) and the other with the Pl(3)k 
5 homologue mTOR Key to understanding of this proposal, Is the 
fact that the role of these enzymes in activation of p70^ was detennined 
by effects of two natural products on phosphorylation and enzyme 
activity: rapamycint which indirectty inhibits mTOR activity, and 
wortmannin, which directly Inhibits Pl(3)k activity. It Is also important to 

1 0 note that no direct upstream Kinases or other regulatory proteins of p70^ 
have been identified to this date. 

We will study irrteractions of p70^ with its known 
substrate S6 as a test system for the DHFR PCA in E. coli and in 
mammalian celt lines. We will also seek to klentify novel intenactions with 

15 thte enzyme that would lead to new Insights into how thb important 
enzyme b regulated. Also, since activation of the enzynte is mediated by 
muttipla pathways that can be selectivefy Inhibited with specify dmgs, this 
is an ideal system to test PCAs as methods to distinguish induced versus 
constitutive protein-protein Interactions. 

20 



a) Testing of the £ coli survival assay: Interaction of p70^ wltii S6 

Thb test is ideal, because the apparent Km (= 250 nM) of p70^fbr S6 
25 protein^^ is approximately the same as ttia Kq for leucine zipper-forming 
peptides from GCN4^^ used in our test system Howev r, we will have 
to use a constitutively active fomi of the enzyme for our tests. An N- 
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terminal truncated form of the enzyme D77-p70®*, is constitutively active 
and will be used In these studies^^. 

Methodology: D77-p70®*-FI1.2] fusion and D77-p70«*-FI3J fusion, or 
F[1,2] and D77-p70^-F[3] fusion (as a control) will be ootransfbrmed into 
5 E colt and the cells grown In minimal medium in the presence of 
trimethoprim. Colonies will be selected and expanded for analysts of 
kinase activity against 40S n'bosomal subunits. and for coexpression of 
the two proteins. 

b) Modification of the bacterial survival assay for library screening: 
10 Identification of Novel Interacting Proteins. Screening an expression 
library for interactions with a given target (p70^-D77, in tNs case) will be 
straightforward in this system, given that the only steps involved are: 1- 
constnjction of the fusion-expression library as a fusion with mDHFR 
fragment(3]; 2-transformation of the library in E. coli BL21 harboring 
1 5 pRep4 (for constitutive expression of tiie lac repressor; this is required in 
the case where a protein product is toxic to ttie celts) and a plasmid 
coding for tiie fusion: p70^-D77-{1,2]; 3-plating on minimal medium in 
the presence of trimethoprim and IPTG; 4-selection of any colonies that 
grow, propagation and isolation of plasmid DMA, followed by sequencing 
20 of DMA inserts; 5-purification of unknown fuston products vfa the hexaHis- 
tag and sizing on SDS-PAGE. 

Methodology: The overall strategy Is illustrated In Rgure 2. 1- 
Coristmcb'on of a directk}nal fuslon-expressk)n library: i-cDNA production : 
We will isolate poly(A)* RNA from BA/F3 cells (B-lymphoid cells) because 
25 these cells have successfully been used in the study of the rapamydn- 
sensitive p70^ activation cascade To enrich for full-length mRNA, 
we will affinity purify the mRNA via tiie 5' cap stmcture by the CARure 
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method^^. Reverse transcription will be primed by a "Unker Primer": It 
has a polyfT) tail to prime from the poty(A) mRNA tail, and an Xho/ site for 
later use in directional sulxloning of the fragments. The first strand is 
then methylated. After second strand synthesis and blunting of the 
5 products, "EcoR/ Adapters" are added, prududng digestion of the linkers 
with EcoR/ and Xho/ (the inserts are protected by methylation) produces 
fiilHength cDNA ready for directtonal Insertion in a vector opened with 
EooR/ and Xho/ . Because the success of library screening depends 
largely on the quality of the cDNA produced, we will use the above 

10 methods as they have proven to consistently produce hfgh-quanty cDNA 
libraries, ii-lnaertion of the cDNA into vectors: TTie library will be 
constructed as a C-termina! fusion to mDHFR F[3] in vector pQE-32 
(Qiagen), as we have obtained high levels of expression of mDHFR 
fusions from this vector in BLZ^ cells (Detail in accompanying 

15 manuscript). Three such vectors will be created, differing at their 3* end. 
which is the novel polycloning site that we engineered (details in 
accompanying manuscript), carrying either 0, 1, or 2 additional 
nucleotides. This allows read-through fipom F(3] into the library fragments 
In all 3 translational reading frames. The cDNA fragments will be 

20 directionalty inserted at the EcoR/ and Xho/ sites in all three vectors at 
once. 2, 3, 4, and 5- These steps have been described (Details in 
accompanying manuscript) apart from the final sequencing of clones 
identified using sequencing primers spedfic to vector sequences flanking 
sites of library insertton. The protein purifk»tion will also be as described 

25 (Accompanying manuscript), by a one^tep purifteation on Ni-NTA 
(Qiagen). If the product size is more than 15 kDa over the molecular 
weight of the DHFR component (equal to a cDNA insert of more than 
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450bp), we will have the Inserts sequenced at the Sheldon Biotechnok)gy 
Center (McGill University). 

c) Development of the Eukaryotlc Aeeay We have undertaken the 
transfdmration of the system described above, to produce an equivalent 
5 assay for use in eukaryotlc cells. The basic principle of the assay is the same: 
the ftagnnents of mDHFR are fused to associating domains, and domain 
association Is detected by reconstltution of DHFR activity in eukaryotic ceils 
(Figure 2.). 

Creation of tt^e expression constmcts. The DMA fraciments c oding for the 

10 GCN4-zipper-mDHFR fragment fusions were Inserted as one piece into 
pMT3. a eukaryotic transient expression vector Expression of the fusksn 
proteins in COS ceils was apparent on SDS-PAGE after "[S]Met labeling. 
Sun/h/al assays In eukan^otic cells. Wa are currentiv testing two systems for 
detection of mOHFR reassembly, in parallel: i- CHO-DUKX B11 ceUs 

1 5 (Chinese Hamster Ovary cell line deficient in DHFR activity) are cotransfected 
with GCN4-zipper-mDHFR fragment fiistons. The cells are grown In the 
absence of nudeotkies; only cells canying reconstituted DHFR wOl undergo 
nomnal cell division and colony formation. II- Methotrexate (MTX)-feslstant 
mutants of mDHFR F[1 ,2] ana being created, with the goal of transfecting cells 

20 that have constitutive DHFR activity such as COS and 293 cells. The 
substitution of Leu22 by Phe produces enzyme with a 20 x increase in 
resistance and essentially nomnal catalytic activity^^*. The t^u22Phemutant 
will be te^ed in reconstltution of mDHFR fragments to produce enzyme that 
can sustain COS or 293 celt growth while under the selective pressure of 

25 MTX, which will eliminate background due to activity of the native enzyme. 
The Leu22Phe mutation offers an advantage in sel6Ctk>n while presenting no 
apparent disadvantage with respect to reassembly of active nzyme. If the 
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reconstituted mDHFR produced in either of the survrval assays allows 
eukaryotic cell growth that is signrficantty slowerthan growth with the wild-type 
enzyme, thymldylate will be added to the growth medium to partially relieve 
the selective pressure offered by the lack of nucleotides. 
5 d) Testing of the eukaryotic survival assay It will be necessary at the 
outset to test whether //TdtA^ed Interactions with p70^can be detected. We 
will use the same test system as that for the E coli test system described 
above: Induction of association of p70^ with S6 protein. 
Methodology : mDHFR Leu22Phe mutant S6-F(1 ,2] and p70^-F[3]. or F(1 .2] 

10 and p70^-F[3] (as a corttrol) will be cotransfected into COS ceils and the 
cells win be serum stan/ed for 48 hours followed by reptating of cells at low 
density In serum and MIX. Colonies will be selected and expanded for 
analysis of kinase acth/lty against 403 ribosonDal subunits, and for 
coexpression of the two proteins. Further controls will be performed for 

1 5 inhibition of protein association with wortmannin and rapamydn. 

e) Modification of the eukaryotic survival assay for library screening. 
An Important part of the worfc required in creating a library for use in 
eulcaryotic cells will have been accomplished already* as the EcoR/OCho/ 
directional cDNA produced by the Stratagene "cDNA Synthesis Kif can 

20 directiy be inserted directionalty into the Stratagene Zap Express vector. 
Methodology : Steps 1 through 5 ara parallel to ttiose for the bacterial library 
screening (above). 1 -Again, the library will be constructed as a C-terminal 
fusion to mDHFR FI3]. F[3] (with no stop codon) will be inserted in frame in 
Zap Express, followed by insertion of the novel polyGnkers allowing 

25 expression of the inserts in all three reading frames (described at>ove), and 
by the EooR//Xho/ directional cDNA. Thte bacteriophage library will be 
propagated and treated wrtii the Stratagene helper phage to excise a 
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eukaryotic expression phagemid vector (pBK-CMV) carrying the fiieton 
inserts. 2-Cotran8feclion of the Itorary and p70®®*-F(1,2] constructs in 
eukaryotic cells: we will perfbnn the screening in COS or 293 cells, as these 
are responsive to serum in activating the pZCP" signaling pathway. Selection 
experiments will be perfonned as described for the S6 test system above. 
^-Propagation, isolation and sequencing of the insert DMA will be 
undertaken. 4-The cloned fusion proteins will be sized on SDS-PAGE by 
direct visualization after '^S-Met/Cys labeling, or by Western blotting using a 
commercial polyclonal antibody to mDHFR. 

EXAMPLE 2 

Four other assays are herein examplified. The reason 
to produce these assays is to provide attemative PCA strategies that would 
be appropriate for spedfk: protein assodatton problems such as studying 
equiQbrium or kinetic aspects of assembly. Also, it is possible ttiat in certain 
contexts (for example, specific cell types) or for certain applications, a 
specific PCA will not work but an alternative one will. Below are brief 
descriptbns of each of the PCAs we are presently developing. 
1) The Ubiqultin '*Split gene assay" Based on the assay originally 
developed by Johnsson and Varshavsky in yeast we have adapted this 
assay to a mammalian ceil line, COS-7 cells. Ubiquitin can be split into two 
complimentary polypeptides. When these peptides are combined to form the 
native stmcture, the protein becomes susceptible to cytosollc peptidases that 
recognize a peptide at the C-temnlnus of ubiquitin. However, the two 
fragments will not recombine unless oligomerization domains are introduced 
into the complementary fragments. This behavior has been demonstrated 
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with the coiled-coil forming GCN4 leucine zipper". An Induced 
otigomerization can then be detected by measuring whether a reporter 
peptide has been cleaved from the ubiquttin by cyto&olic ubiquitinasee. We 
are now using this approach to probe the interactions of the receptor for the 
5 cytokirie erythropoietin (Epo) with Intracenular partner proteins. These 
proteins include the kinase JAK2 and PI3-kinase, the phosphates SH-PTP1 , 
and several STAT (signal transducers-activators of transcription) proteiris. 

2) Qlutathlono-S-Tranafarase (GST) GST from the flat worm Schistosoma 
japonicum Is a small (28 kD), monomeric, soluble protein that can be 

10 expressed in both prokaryotic and eukaryotte cells. A high resolution crystal 
structure has been sofved^^ and serves as a starting point for design of a 
PCA. A simple and inexpensive coiorlmetric assay for GST activity has been 
developed consisting of the reductive conjugation of reduced glutathione with 
1-chioro-2,4-dlnitrobenzlne (CNDB), a brilliant yellow product^^V We have 

15 designed a PCA based on similar structural criteria used to devefop the 
DHFR PCA using GCN4 leucine zippers as oiigomerization domains. 
Cotransformants of zipper-GST-fragment fusions are expr^ed in £ coUon 
agar plates and colonies are transferred to nitrocellulose paper. Detection 
of ootransformation is detected in an assay where the nrtroceiluiose is 

20 applied as an aerosol with a glutathione-CDNB reactton mixture and colonies 
detecting co-expressed fragments of GST are detected as yellow Images. 

3) Green Ruorescent Protein (GFP) GFP from AaquorBa \/ictona is 
l>ecoming one of the most popular protein markers for gene expressions^. 
This is because the small, monomeric 238 amino-actds protein is intrinsically 

25 fluorescent due to the pr^enoe of an internal chromophore that results from 
the autocatalyttc cydization of the polypeptMe backbone between residues 
Ser65 and Qly67 and oxidation of the - bond of Tyr66'". The GFP 
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chromophoTB absorbs light optimally at 395 nm and possess also a second 
absorption maximum at 470 nm^^ This bi-spedfic absorption suggests 
the existence of two low energy confomners of the chromophore whose 
relative population depends on local environment of the chromophore^". A 

5 mutant Ser65Thr that eliminates isomerization (single absorption maximum 
at 488 nm) results in a 4 to 6 times more intense fluorescence than the wild 
type is obtain by substituting^^. Recently the structure of GFP has been 
solved by two groups^" * making rt now a candidate for a PCA. which we 
have begun to develop. As with the GST assay, we are doing all of our Initial 

10 development in £. coli with GCN4 leucine zipper-fomning sequences as our 
oligonDerization domains. Direct detection of fluorescence by visual 
observation under broad spectrum UV fight will be used. We will also test 
this system in COS cells, selecting for co-transfectants using fluorescence 
activated cell sorting (FACS). 

15 4)Flraf^LuclfBrase. FIrefV luciferase is a 62 kOa protein which catalyzes 
oxMatlon of the heterocyle ludferin. The product posesses one of the 
highest quantum yields for bioluminescent reactions: one photon is emitted 
for every oxkilzed luctferin molecule^^. The stmcture of luciferase has 
recently been solved, allowing for development of a PCA"\ As with our GST 

20 assay, cells are grown on a nitrocellulose matrix^". The addition of the 
lucffsrln at the surface of the nrtroceltutose penmits tt to diffuse across the 
cytoplasmic membranes and trigger the photoluminesoent reactton. The 
detection is done immediately on a photographic film. The selection is done 
by simply klentifying the flashing colonies. Luciferase ts an ideal model for 

25 a PCA: The detection assays are rapid, inexpensive, very sensitive, and 
utilizes non-radioactive substrate that are available commercfalty. The 
substrate of luciferase, ludferin, can diffuse across the cytoplasmic 
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inembrane(under addic pH). allowing the detection of ludferase in intact 
cells. This enzyme is currently utilized as a reporter gene In a variety of 
expression systems. The expression of this protein has been well 
characterized in bacterial, mammalian, and in plant cells, suggesting that it 
5 would provide a versatile PCA. 

CONCLUSIONS 

Our goals at the outset are to fully develop our PCA 
strategy, first by expanding on our success with the DHFR PCA to nneet the 
1 0 six goals we set at the outset namely, to develop assays with the capabilfty 
to: 

1) Allow for the detection of protein-protein Interactions in vivo or in vitro, 

2) Allow for the detection of protein-protein Interactions in appropriate 
contexts, such as within a specific organism, cell type, cellular compartment 

15 or organelle. 

3) Allow for the detection of induced versus constitutive protein-protein 
interactions (such as by a cell growth or inhibitory factor). 

4) To be able to distinguish specific-versus non-specific proteirvprotein 
interactions by controlling the sensitivity of the assay. 

20 5] Allow for the detection of the kinetics of protein assembly In cells. 

8) Allow for screening of cDNA libraries for protein-protein interactions. 

As a demonstration of the strategy, we will use it to 

identify novel interactions with the enzyme p70^. study its' regulation and 

how separate signaGng cascades converge on this enzyme. Success in this 
25 project will mean that we have met objectives 1 through 4 and 6 we set out 

in the introduction to this proposal. 
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In parallel to this woilc we will continue the development of 
the other four assays discussed at the end of proposal. We also have other 
candidate proteins that may be useful for development at some stage. 

The full potential of the PCA strategy will be met when we 

5 can also nneet objective 5, detection of the kinetics of protein assembly in 
cells. It is likely that the best assays to address questions of kinetics of 
protein assembly will be met by the fluorescent protein systems we are 
developing. I also mentioned in the Introduction that we hope the PCA 
strategy will serve as a general method for functional genomic screening. In 

10 the future we will fbmi collaborations with groups at this university and 
elsewhere, specializing in rapid screening and robotics methods that wtU be 
necessary for high tiiroughput screening. Finally, another aspect of the PCA 
not expricitty discussed here was drug screening. However, in the p70^ 
studies 1 discussed using two natural products, rapamycin and wortmannin 

15 in the experimental strategy. Explldtiy, one could use PCA strategies to 
screen for drugs that block specific biochemical pathways In cells allowing for 
a carefulty targeted and controlled method for identifying products that have 
useful phamrtacok>g[cal properties. We wfll also in the future want to explore 
colaborations with academic groups and pharmaceutical industry to develop 

20 PCAs for drug screening. 

Although tiie present invention has been described 
hereinabove by way of preferred embodiments thereof, rt can be modified, 
without departing from the spirit and nature of the subject invention as 
defined in the appended claims. 
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Table 1: Doubling times of £ co/i with destabilizing 



mutants in liquid media. 


No additions 


+ trim. 


+trim, + IPTG 


1« 13±0.2 


1.2 ±0.2 


n. g.^ 


2 1.2 ±0.2 


n. g. 


2.0 ±0.2 


3 1.2 ±0.2 


n.g. 


2.5 + 0.2 


4 ' 1.3 ±0.2 


n.g. 


5.2 ±0.3 


5 1.3 ±0.2 


n.g. 


n. g. 



'■Sample i is £. coli expressing wild-type mDHFR; 2 to 
5 are £1 coli coexpiessing Z^F{1^] with respectively, 
Z-F[3]. Z*F[3:nell4Val], Z-F[3:Den4AIa] and Z- 
F[3:nell4Gly]. The OD500 at each time point for 

triplicate samples was plotted to calculate doubling time 
(according to log A2/AI = k(T2-Tl)» where A^OD^qo 

and k =3 growth coasianc). The average of two separate 
experiments is given. Where indicated, trimethoprim 
was present at 1 |ig/ml and IPTG at ImM. g. 
indicates that no growth was observed. 
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WHAT IS CLAIMED IS: 

1. A protein fragment comptementation assay for the 
detection of protein-protein Interactions comprising a reassembly of 
structurally separated domains of an enzyme, wherein reassembly is 
operated by the interaction of protein domains fiised to each of said 
structurally separated domains of said enzyme. 



